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DESCRIPTION 
TITLE 

METHOD OF PREPARING A PROLIFERATION- REGULATED RECOMBINANT 
ADENOVIRAL VECTOR EFFICIENTLY AND KIT FOR PREPARING THE SAME 

Technical Field 

The present invention relates to a method of rapidly and easily- 
preparing a multifactorial proliferation-regulated 
recombination adenoviral vector for use in gene therapy and the 
studies thereof that proliferates specifically in a target organ 
and introduces a therapeutic gene specifically in the target 
organ, and a kit for preparing the same 

Background Art 

Currently, the primary cause of death in Japan is cancer. In 
particular, it is quite difficult to prevent cancer metastasis 
completely with preexisting operational therapy, chemotherapy, 
or radiation therapy; thus, there is a need for research on newer 
therapies; and in particular, gene therapy is attracting 
attention and intensively studied. Based on basic studies, 
clinical tests on cancer gene therapy have been practiced 
frequently over past decades or so mainly in the United States 
as well as in Japan and other advanced countries, and the number 
of such patients is increasing year by year. However, there 
is no report that a patient was cured completely by the gene 
therapy. The biggest cause thereof is that most of the 



gene -introducing vectors currently used are nonprolif erating 
viral vectors designed only to introduce a therapeutic gene 
after viral infection and not to proliferate, from the genetic 
engineering point of view, for safety. The nonprolif erating 
viral vectors are indeed safer, but such a viral vector does 
not, of course, introduce the gene into the regions other than 
those into which the liquid containing the vector penetrates 
by in-vivo administration in actual clinical settings, even if 
the viral vector shows an excellent transferring efficiency in 
an in-vitro test using cultured cell. When a nonprolif erating 
vector is used, it is not possible to overcome the problem of 
the recurrence of cancer from cancer cells in the organs where 
no gene is introduced, and that is the biggest cause for the 
gene therapy not giving expected clinical results. 

There is a report of a variant adenovirus (ADV) that lacks a 
region in E1B that proliferates specifically in a p53 
function-deficient cancer cell, which is often in the 
incompetent state, as an adenoviral vector (hereinafter, 
referred to as ADV) overcoming such a problem (Bischoff J.R., 
et all. , Science. 19 9 6 Oct 18; 2 74 (52 86) : 3 73-376) . Since then, 
such proliferation-regulated viral vectors, which proliferate 
specifically in cancer cell and do not proliferated in normal 
cell, have been studied. For example, an attempt was made to 
proliferate an adenovirus specifically in prostatic cancer 
cells by expressing the adenoviral E1A gene with a prostatic 



cancer-specific PSA promoter (Rodruguez, R. , etal., Cancer Res, 
57, 2559-2563, 1997) . 

However, proliferation-regulated viral vectors hitherto 
reported were designed to be regulated by a single factor, or 
the vectors were designed to proliferate only in cancer cells 
in response to a single factor by using the difference in 
expression of the factor in cancer cells and normal cells, to 
make the vectors specific to cancer. However, the difference 
between cancer and normal cells is not specified definitely only 
by a single factor, and thus, conventional 
proliferation-regulated viral vectors were far from 
specifically targeted to cancer. It would be necessary to use 
multiple factors different in properties simultaneously, to 
make the vector more specifically targeted to cancer, but there 
is no such a report so far. In addition, each of the traditional 
proliferation-regulated viral vectors should be prepared one 
by one separately in gene recombination. Adenovirus is a long 
DNA virus of 36 kB in length and thus, there are many restrictions 
in gene recombination thereof; for example, the number of the 
restriction enzymes for use in recombination of a plasmid vector 
containing the same is limited; and thus, it was impossible to 
perform the recombination efficiently. Thus, it was 
technically impossible to produce great amounts of 
proliferation-regulated adenoviral vectors rapidly and to 
prepare and evaluate a lot of proliferation- regulated viral 



vectors rapidly for use in screening vectors specifically 
targeted to cancer. 

Disclosure of the Invention 

The present invention provides a new method of preparing a 
multifactorial proliferation-regulated recombinant adenoviral 
vector specifically targeted to cancer or the like efficiently, 
rapidly and easily, for use in screening and preparing viral 
vectors that are completely targeted to and proliferated in 
organs such as cancer, and a kit for preparing the same. 

The present invention provides a method of preparing a 
proliferation-regulated recombinant adenoviral vector 
effectively, characterized by preparing a 
proliferation-regulated vector plasmid by preparing a 
restriction enzyme-recognizing unit in a vector plasmid having 
a proliferation-regulating unit and having an E1A region, at 
least one protein- coding region in a E1B region or the entire 
E1B region, a poly (A) signal sequence, and a 

recombinase-recognizing sequence in that order from upstream, 
by deleting both an endogenous promoter in the E1A region and 
an endogenous promoter regulating expression of the 
protein-coding gene at least in one protein-coding region of 
the E1B region and inserting restriction enzyme-recognizing 
sequences respectively in these deficient sites, and 
introducing a promoter expressing specifically in a target organ 



in each of the restriction enzyme-recognizing sequences; and 
additionally, integrating the proliferation- regulated vector 
plasmid into a vector plasmid having a adenoviral genome 
prepared by deleting the El region. The organ in the target 
organ include cell. 

The present invention also provides a method of preparing a 
proliferation-regulated recombinant, adenoviral vector having 
an integrated therapeutic gene efficiently, comprising the 
steps of : preparing a second therapeutic gene-expressing vector 
plasmid by allowing a recombinase to react with the 
proliferation-regulated vector plasmid and a first therapeutic 
g ene _ eX p ress ing vector plasmid prepared by inserting a 
constitutive high-expression promoter or a therapeutic 
gene-expressing promoter and a therapeutic gene in that order 
from upstream into the restriction enzyme- recognizing sequence 
of the vector plasmid containing a therapeutic gene -expressing 
unit, which is prepared by inserting a recombinase- recognizing 
sequence and a restriction enzyme-recognizing sequence 
respectively in that order from upstream; and additionally, 
integrating the second therapeutic gene-expressing vector 
plasmid into a vector plasmid having an adenoviral genome 
prepared by deleting the El region. 

The present invention also provides a method of preparing a 
proliferation-regulated recombinant, adenoviral vector having 



an integrated therapeutic gene efficiently, comprising the 
steps of: allowing a recombinase to react with the 
proliferation-regulated adenoviral vector plasmid, and the 
first therapeutic gene-expressing vector plasmid prepared by 
inserting a constitutive high-expression promoter or a 
therapeutic gene-expressing promoter and a therapeutic gene in 
that order from upstream to the restriction enzyme-recognizing 
sequence of the vector plasmid having a therapeutic 
gene-expressing units prepared by inserting a 
recombinase-recognizing sequence and a restriction 
enzyme-recognizing sequence respectively in that order from 
upstream . 

The present invention also provides a vector plasmid having a 
proliferation-regulating unit, for use in the method of 
preparing a proliferation-regulated recombinant adenoviral 
vector efficiently. The vector plasmid having a 
proliferation-regulating unit allows easy preparation of a 
proliferation-regulated vector plasmid as well as a 
proliferation-regulated recombinant adenoviral vector by 
introducing arbitrary two or more promoters expressing 
specifically in a target organ to the respective restriction 
enzyme-recognizing sequences . 

The present invention also provides a preparative kit having 
a vector plasmid having a proliferation-regulating unit and a 



vector plasmid having an El region-deficient adenoviral genome, 
for use in the method of preparing a proliferation-regulated 
recombinant adenoviral vector efficiently. The preparative 
kit allows easy preparation of a proliferation-regulated 
recombination adenoviral vector proliferating only in the 
target organ with its arbitrary two or more promoters expressing 
specifically in the target organ. 

The present invention also provides a vector plasmid containing 
a therapeutic gene-expressing unit, for use in the method of 
preparing a proliferation-regulated recombinant adenoviral 
vector having an integrated therapeutic gene efficiently. The 
vector plasmid having a therapeutic gene-expressing unit allows 
easy preparation of a first therapeutic gene-expressing vector 
plasmid as well as a proliferation-regulated recombinant 
adenoviral vector by introducing an arbitrary therapeutic gene 
expressing in a target organ into a restriction 
enzyme-recognizing sequence . 

The present invention also provides a preparative kit , including 
a vector plasmid having a proliferation-regulating unit, a 
vector plasmid having a therapeutic gene-expressing unit, and 
a vector plasmid having an adenoviral genome at least lacking 
the E1A region, for use in the method of preparing a 
proliferation-regulated recombinant adenoviral vector having 
an integrated therapeutic gene efficiently. The preparative 



kit allows easy preparation of a proliferation-regulated 
recombinant adenoviral vector proliferating only in a target 
organ, having arbitrary two or more promoters expressing 
specifically in a target organ and an arbitrary therapeutic gene 
expressing in a target organ. 

The present invention also provides a treatment method for 
various diseases including malignant tumors, wherein the 
proliferation-regulated recombinant adenoviral vector 
prepared by any one of the methods above is utilized. 

Examples of the adenoviruses for use in the present invention 
include human adenovirus type 5, human adenovirus type 2, other 
types of human adenoviruses, adenoviruses of other animal 
species, and the like. 

The vector plasmid having a proliferation-regulating unit can 
be prepared by using a general method in genetic engineering 
as follows: 

An E1A region including a poly (A) signal sequence but containing 
no endogenous promoter is amplified by PCR, while using an 
adenoviral plasmid at least containing a 5 '-side genome as the 
template; and the PCR products obtained and a cloning vector 
are digested with a restriction enzyme and ligated into a cloning 
vector, to give pAPr.ElA (hereinafter, Pr is a promoter) . An 
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arbitrary restriction enzyme-recognizing sequence is inserted 
into the sense primer and the anti -antisense primer of PCR, and 
the arbitrary restriction enzyme-recognizing sequence is 
inserted into the endogenous promoter-deficient site. The 
template plasmid is not particularly limited, if it contains 
at least an adenoviral 5' -side genome. The cloning vector is 
also not particularly limited. 

Then, similarly to above at least one protein-coding region of 
the E1B having no endogenous promoter regulating expression of 
the protein-coding genes in the protein-coding region is 
amplified by PCR by using a plasmid containing an adenoviral 
genome as the template; and the PCR products and the pAPr.ElA 
are digested with a restriction enzyme and ligated into pAPr.ElA, 
to give pAPr . E1A- APr . XkApA (hereinafter, pA means a poly (A) 
signal sequence) . XK represents at least one protein- coding 
region coding some proteins such as X55KDa and 19KDa in the E1B 
region . 

Similarly to above it is amplified by PCR by using a plasmid 
containing a poly (A) signal sequence as the template; and the 
PCR products obtained is digested with pAPr . E1A- APr . XkApA with 
a restriction enzyme and ligated into pAPr . E1A- APr . XkApA, to 
give pAPr . E1A- APr . XKpA . A recombinase- recognizing sequence is 
inserted into the PCR primer, and inserted into downstream of 
the poly (A) signal sequence. The plasmid containing a poly (A) 
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signal sequence is not particularly limited. 

The vector plasmid having a proliferation-regulating unit 
pAPr . E1A- APr . XKApA thus obtained has no endogenous promoter in 
the E1A region and no endogenous promoter regulating expression 
of the protein-coding genes in the protein-coding region of E1B 
region, and a restriction enzyme-recognizing sequences are 
inserted to these deficient sites. The restriction 
enzyme-recognizing sequence preferably has a site for a 
restriction enzyme that digests its blunt end such as SnaBI, 
EcoRV, Haelll, Alul, or Smal . 

Because there is a report that a variant adenovirus lacking Rb 
protein-binding sequence (923 to 947bp, 24bp) in the E1A region 
proliferates specif ically in tumor cells (Heise, C. et al . , Nat. 
Med. 2000; 6(10) : 1134-9), the Rb protein-binding sequence in 
the E1A region may be deleted. The Rb protein-binding 
sequence-deficient E1AA24 is obtained by mutagenesis of the E1A 
region by a mutagenic method using PCR, specifically by using 
a primer designed from the Rb protein-binding sequence by using 
the adenoviral plasmid above at least containing a 5' -side 
genome as the template and (Current Protocols in Molecular 
Biology, John Wiley & Sons, Inc. , 8.5.7 to 8.5.9, 1999). E1AA2 4 
and the vector plasmid having a proliferation- regulating unit 
pAPr . E1A- APr . XkpA are digested with a restriction enzyme and 
then ligated, to give a Rb protein-binding sequence-deficient 
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vector plasmid having a proliferation- regulating unit 
pAPr . E1AA2 4 - APr . XKpA . 

The recombinase-recognizing sequence is a base sequence 
recognized by recombinase, a specific DNA-recombination enzyme, 
and is also a base sequence that causes DNA-recombination 
reactions such as cleavage, substitution, and binding of the 
DNA chain located between two recombinase-recognizing 
sequences recognized by the recombinase. The 
recombinase-expressing gene is a gene expressing a recombinase, 
and typical examples thereof include, but are not limited to, 
genes expressing a bacteriophage Pl-devied recombinase Cre 
recognizing other mutant sequences such as 

recombinase-recognizing sequences LoxP and LoxH (Sternberg et 
al. J. Mol. Boil. Vol. 150, 467-486 (1981)), a yeast 
(Saccharomyces cerevisiae) -derived recombinase FLP 
recognizing recombinase-recognizing sequence FRT (Babineau et 
al., J. Biol. Chem. Vol. 260, 12313-12319 (1985)), and a 
Zygosaccharomyces rouxii pSRl plasmid-derived R (Matsuzaki et 
al., Mol. Cell. Biol., Vol. 8, 955-962 (1988)), and the like. 

In addition, a sequence having the E1B region in a vector plasmid 
containing a proliferation-regulating unit as the entire region 
of E1B, pAPr . E1A- APr . ElBpA, may also be used. It is amplified 
by PCR by using a primer designed based on the E1B base sequence 
and a plasmid at least containing a 5' -side genome of the 
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adenovirus described above as the template , to give PCR products . 
The PCR products and the vector plasmid having a 
proliferation-regulating unit pAPr . E1AA2 4 - APr . XKpA are 
digested with a restriction enzyme and then ligated, to give 
a vector plasmid having a proliferation-regulating unit 
pAPr.ElA-APr. ElBpA wherein E1BXK is replaced with the entire 
E1B sequence. 

A proliferation-regulated vector plasmid can be prepared by 
inserting an organ-specific expressing promoter into the 
restriction enzyme-recognizing sequences inserted to the 
respective endogenous promoter-deficient sites in the vector 
plasmid having a proliferation-regulating unit prepared, 
pAPr .ElA-APr .XKpA. 

Examples of the target organ- specif ic expressing promoters when 
the target organ is cancer cell include CEA (carcinoembryonic 
antigen) promoters expressing only in cancer cells (Mol . Cell. 
Biol., 10(6), 2738-2748, 1990), E2F promoter (Neuman, E., et 
al . , Mol . Cell . Biol ., 14 (10) 6607-6615, 1994), OC (osteocalcin) 
promoter (Morrison, N.A. , et al. , Science, 246, 1158-1161, 1989) , 
FLK-1 promoter specific to malignant melanoma, fibrosarcoma, 
and others (Xie, B., et al . , Br. J. Cancer, 81, 1335-1343, 1999), 
VEGF promoter specific to lung cancer and others (Koshikawa, 
N . , et al., Cancer Res., 60, 2936-2941, 2000), c-Myc promoter 
specific to small cell lung cancer and others (Kumagai T., et 
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al., Cancer Res., 354-358, 1996), SLPI promoter specif ic to lung 
cancer, ovarian cancer, and others (Garver, RI , et al . , Gene 
Ther, 1, 46-50, 1994), PSA promoter specif ic to prostatic cancer 
(Latham, JP, et al . , Cancer Res, 60, 334-342, 2000), tyrosinase 
promoter specific to malignancy melanoma and others (Vile, RG, 
et al., Cancer Res., 53, 962-967, 1993 ), AP-2 promoter specif ic 
to breast cancer (Pandha, HS, et al., J. Clin. Oncol., 17, 
2180-2189, 1999), TERT promoter specific to brain tumor and many 
cancers (Takakura M, et al . , Cancer Res., 59, 551-557, 1999), 
and the like. 

It is possible to prepare a multifactorial 
proliferation-regulated adenoviral vector plasmid that 
proliferates only in target organs but not in other organs by 
regulation of the two organ- specif ic expressing promoters, by 
introducing the proliferation-regulated vector plasmid in a 
plasmid having an adenoviral genome prepared by deleting its 
El region. The proliferation-regulated adenoviral vector 
plasmid prepared can be transfected and proliferated in cell 
constitutively producing adenoviral El-region proteins such as 
human fetal renal cell-derived 293 cell (Graham, FL, et al . , 
J. Gen. Virol., 36 (1): 59-74). Because substitution of the 
fiber governing adenoviral infection with a ligand expressed 
in cancer cell at high rate in the plasmid having an adenoviral 
genome prepared by deleting its El region allows cancer 
cell-specific targeting of the adenovirus, the fiber in the 
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plasmid having an adenoviral genome prepared by deleting the 
El region may be substituted with such a ligand. 

Alternatively, a vector plasmid containing a therapeutic 
gene-expressing unit can be prepared according to a general 
method in gene engineering as follows: 

A plasmid having a constitutive high-expression promoter or an 
expression promoter regulating expression of the therapeutic 
gene and a restriction enzyme- recognizing sequence for 
integrating the therapeutic gene in downstream of LoxP or the 
variant sequence thereof is prepared. 

If the drug tolerance gene in the vector plasmid containing a 
therapeutic gene-expressing unit and the drug tolerance gene 
in the vector plasmid having a proliferation- regulating unit 
are the same, it becomes possible to select only correct 
recombinant plasmids efficiently and easily, by modifying one 
of them to make the drug tolerance genes different from each 
other, and making Ori in the vector plasmid having a therapeutic 
gene-expressing unit duplicate only in competent cells 
expressing a pir gene such as R6Ky - 

A first therapeutic gene-expressing vector plasmid is prepared 
by inserting a constitutive high-expression promoter or a 
promoter expressing a therapeutic gene for treatment of targeted 
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organ such as cancer cell and the therapeutic gene in that order 
from upstream into the restriction enzyme-recognizing sequence 
in the vector plasmid containing a therapeutic gene-expressing 
unit prepared. The constitutive high-expression promoter is 
a promoter expressing most genes including the therapeutic gene 
strongly and constitutively , and examples thereof include CA 
promoter (hybrid promoter of cytomegalovirus enhancer and 
chicken (S-actin promoter) , CMV promoter (cytomegalovirus 
early-gene enhancer/promoter), and the like. The therapeutic 
gene is a gene treating a disease at the molecular level when 
introduced and expressed in a diseased organ, and examples 
thereof, for example for treatment of cancer, include 
cancer-suppressing genes such as P53 gene, cytokine genes such 
as IL-2, suicide genes such as HSV-tk gene, apoptosis-inducing 
genes such as Fas , antisense genes , and the like. Alternatively, 
the therapeutic gene-expressing promoter for is a promoter 
regulating expression of these therapeutic genes. 

The proliferation-regulated vector plasmid and the first 
therapeutic gene-expressing vector plasmid recombine to each 
other in the presence of a recombinase, giving a second 
therapeutic gene-expressing vector plasmid having an 
introduced promoter expressing specifically in a target organ 
and a therapeutic gene expressing in the target organ. It is 
possible to prepare a proliferation- regulated adenovirus 
vector plasmid containing a therapeutic gene, by integrating 
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the second therapeutic gene-expressing vector plasmid with the 
plasmid having an adenoviral genome prepared by deleting the 
El region. 

It is also possible to prepare a proliferation-regulated 
adenoviral vector plasmid having a therapeutic gene, by mixing 
a proliferation-regulated adenoviral vector plasmid not having 
the therapeutic gene and the first therapeutic gene-expressing 
vector plasmid, treating with a recombinase, and allowing them 
to recombine. A proliferation-regulated adenoviral vector 
plasmid having a therapeutic gene may be prepared by allowing 
a recombinase to react with a proliferation-regulated 
adenoviral vector plasmid and the first therapeutic 
g ene _ eX p ress ing vector plasmid and then transforming these 
plasmids . 

It is possible to prepare a proliferation-regulated recombinant 
adenoviral vector, by transfecting the proliferation- regulated 
adenoviral vector plasmid not containing a therapeutic gene or 
the proliferation-regulated adenoviral vector plasmid having 
a therapeutic gene thus prepared, to a cell constitutively 
expressing adenoviral El-region proteins, such as human fetal 
renal cell-derived 293 cell. 

Alternatively, a proliferation-regulated adenoviral vector 
plasmid may be prepared by cotransf ecting the 
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proliferation-regulated adenoviral vector plasmid not having 
the therapeutic gene and the first therapeutic gene-expressing 
vector plasmid to a recombinase-expressing cell . In such a case, 
it is possible to prepare the proliferation-regulated 
recombinant adenoviral vector having a therapeutic gene 
directly, by cotransf ect ing a cell expressing both recombinase 
and adenoviral El-region proteins, for example 293 cell or the 
like, to a recombinase-expressing cell. 

Proliferation, collection and purification of the 
proliferation-regulated recombination adenoviral vector not 
containing a therapeutic gene and the proliferation- regulated 
recombinant adenoviral vector having a therapeutic gene thus 
obtained may be performed according to a common method of 
handling adenoviral vectors, for example, by using a cell 
constitutively generating adenoviral El-region proteins such 
as human fetal renal cell-derived 293 cell. 

Hereinafter, the principle of the method of preparing a 
proliferation- regulated recombinant adenoviral vector 
efficiently according to the present invention will be described 
with reference to a drawing in Figure 1 for clear-cut 
understanding, taking targeting to cancer cell as an example. 
In the Figure, (1) represents a promoter regulating expression 
of E1A; (2), a promoter regulating expression of E1B; (3), 
deficiency of Rb protein-binding domain; (4) , deficiency of 



17 



ElB55Da and/or E1B 1 9 KDa ; (5) , a promoter regulating a 
therapeutic gene; (6) , a therapeutic gene; and (7) , modification 
of adenovirus structure protein gene. 

It is possible to regulate proliferation specific to cancer, 
by introducing arbitrary cancer cell - specif ic expressing 
promoters in the regions (1) and (2) properly. E1A is a region 
first transcripted after infection of the adenovirus, and, if 
not, virus proliferation does not occur. On traditional 
nonprolif erating adenoviral vectors, genes in the E1A region 
are deleted and desirable therapeutic genes are introduced 
instead. On the other hand, the E1B region, which codes some 
proteins such as 55KDa and 19 KDa , is also transcripted in the 
early stage after transcription of E1A, and transcription and 
activation of the E1B region are also said to be important in 
viral proliferation. Thus, endogenous viral promoters in the 
regions E1A and E1B are removed and restriction 
enzyme-recognizing sequences (multicloning sites) are inserted 
in the regions for easier introduction of other promoters. It 
is possible then to make the adenovirus proliferate specifically 
to cancer, simply by introducing two different cancer 
cell-specific high-expression promoters. 

In addition, there are some reports that it was possible to 
proliferate an adenovirus specifically to cancer by deleting 
the Rb protein-binding domain in the region (3) or ElB55KDa 
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and/or E1B 1 9KDa regions in the region (4) , although the 
mechanism is yet to be clear. It is possible to make the factors 
(3) and (4) as well as the factors (1) and (2) specifically 
targeted to cancer easily, by preparing plasmids both having 
and not having the regions (3) or (4) . Thus, regulation of 
cancer-specific proliferation is made possible first by the four 
completely independent factors. 

On the other hand, it is possible to make it more specifically 
targeted to cancer, by using cancer specific promoters, genes 
having a significant effect only on cancer, or the like 
respectively in the regions (5) and (6). 

The region (7) is a region for easier modification of the 
adenoviral structure protein-coding genes such as fibers in the 
adenovirus plasmid vector having an adenoviral genome. 

The present invention is characterized in that it is possible 
to perform gene recombination for preparation of a desirable 
proliferation- regulated recombinant adenoviral vector 
extremely efficiently and freely, by using three independent 
plasmid vectors, a plasmid having a proliferation-regulating 
unit, a vector plasmid having a therapeutic gene-expressing unit , 
and a plasmid having an adenoviral genome lacking the E1A region. 
That is, it is possible to prepare these three plasmids 
independently by recombination, integrate and insert these 
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plasmids easily among them, and combine the respective factors 
freely and rapidly. Such advantages are obtained by the 
following methods: 

(a) It is possible to select desirable correct recombinant 
plasmids effectively, by changing the replication origin on a 
plasmid with that functioning only in special E. coli and making 
the most of the difference between the antibiotic-resistance 
genes. (b) It is possible to introduce a therapeutic gene into 
an adenoviral vector easily, by using a recombination reaction 
in E. coli or a 293 cell in preparation of adenovirus. (c) It 
is possible to insert a vector plasmid having a 
proliferation-regulating unit or a recombinant plasmid having 
a proliferation-regulating unit and a therapeutic 
gene-expressing unit into a plasmid containing an adenoviral 
genome freely in ligation by using its restriction enzyme sites . 
Thus in this manner, it is possible to select and integrate three 
kinds of desirable plasmids and prepare a 

proliferation-regulated recombinant adenoviral vector in a 
desirable combination easily according to its applications . It 
is also easy to modify the adenoviral vector plasmid after 
preparation . 

A shuttle vector may be used as the vector according to the 
present invention . 
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Brief Description of the Drawings 

Figure 1 is a schematic view illustrating the principle of the 
method of preparing a proliferation-regulated recombinant 
adenoviral vector efficiently according to the present 
invention . 

Figure 2 is a table showing the PCR primers and the condition 
of the PCR reaction used in preparation of the vector plasmid 
having a proliferation-regulating unit of Example 1. 
Figure 3 is an explanatory drawing showing the principle of the 
mutagenic method used in preparation of the vector plasmid 
having a proliferation-regulating unit lacking the Rb 
protein-binding sequence obtained in Example 1. 
Figure 4 is a table showing the PCR primers and the condition 
of the PCR reactions used in preparation of the vector plasmid 
having a proliferation-regulating unit but lacking the Rb 
protein-binding sequence in Example 1 and the vector plasmid 
containing the entire E1B region and a proliferation-regulating 
unit . 

Figure 5 is a table showing the PCR primer used in preparation 
of the vector plasmid for proliferation regulation in Example 
2 and the condition of the PCR reaction. 

Figure 6 is a figure showing proliferation-regulated vector 
plasmids having a Rb protein binding site prepared in Example 
2 . 

Figure 7 is a figure showing the proliferation-regulated vector 
plasmids lacking a Rb protein binding site prepared in Example 
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Figure 8 is a figure showing the vector plasmid having a 
therapeutic gene-expressing unit prepared in Example 3 and the 
first therapeutic gene-expressing vector plasmid prepared in 
Example 4. 

Figure 9 is a figure showing the process of preparing the second 
therapeutic gene-expressing vector plasmid in Example 5 by 
recombination . 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be described in detail 
with reference to Examples. 

Example 1 

(Preparation of a vector plasmid having a 

proliferation-regulating unit for expression of the adenoviral 
El region with an arbitrary promoter) 

The plasmid vector used in preparing the adenoviral vector was 
pHM5 . pHM5 was a cloning vector having restriction enzyme 
sequences of SphI , PstI, Hindi, Xbal, BamHI, Kpnl , Sad, and 
EcoRI, which was provided from by Dr. Mark A. Kay (Stanford 
University) (see for details in Human Gene Therapy, 10: 
2013-2017, 1999) . The plasmid pXCl containing a human type-5 
adenoviral genome 5 1 -sequence was purchased from Microbix 
(Toronto, Canada) . The region from the adenovirus genomic E1A 
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protein-coding region to the polyadenylat ion signal containing 
no endogenous promoter (474 to 1658bp) and the region only 
containing E1B 19KDa protein-coding region (1684 to 2285bp) but 
not containing an endogenous promoter or a polyadenylation 
signal are amplified and cloned, by using pXCl as the template 
and the Bovine growth hormone polyadenylation signal sequence 
(BGHp : bovine growth factor polyadenylation signal sequence), 
pRC/RSV (Invitrogen, catalogue No. : A-150307) as the template, 
by PCR using KOD DNA polymerase (Toyobo, catalogue No . : KOD-101) , 
while using the primer set shown in Figure 2. The E1A sense 
primer (S-E1A, sequence No. 1) used had added restriction 
enzyme-recognizing sequences of SphI, NotI, SnaBI, and Mlul; 
the E1A antisense primer (AS-E1A, sequence No. 2), Sail and 
Avrll-recognizing sequences; the E1B 19KDa sense primer 
(S-E1B19K, sequence No. 3), restriction enzyme-recognizing 
sequences of Avrll, Sail, Ndel, EcoRV, and Mfel; the E1A 
antisense primer ( AS -E1B19K, sequence No. 4), 
BamHI-recognizing sequence; the BGHpA sense primer (S-BGHpA, 
sequence No. 5), BamHI-recognizing sequence; and the E1A 
antisense primer (AS-BGHpA, sequence No. 6) , 34bp LoxH sequence 
and EcoRI-recognizing sequence; (see Figure 2 for the sequences 
of respective primers and the PCR condition) . Then, the PCR 
products of the E1A coding region thus obtained and pHM5 are 
digested with restriction enzymes SphI (Takara Shuzo, catalogue 
No.: 1180A) and Sail (Toyobo, catalogue No.: SAL-111), and 
ligated with T4 DNA ligase (Takara Shuzo, catalogue No. : 6022) , 
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to give a plasmid pAPr.ElA having the E1A coding region in pHM5 . 
Separately, the PCR products containing the E1B19K coding region 
obtained above and pAPr.ElA were digested with Sail and BamHI 
(Toyobo, catalogue No . : BAH-111) and ligated with T4 DNAligase, 
to give a plasmid pAPr . ElA-APr . 19KApA. 

Further, BGHpA, the PCR product obtained above, and 
pAPr . ElA-APr 1 9KApA were digested with BamHI and EcoRI (Toyobo, 
catalogue No. : ER0271) and ligated, to give a plasmid 
pAPr . ElA-APr . 19K-BGHpA (hereinafter, referred to as 
pAPr . ElA-APr . 19 K, as BGHpA is omitted). For elimination of 
a possibility of variation in base sequential that may occur 
during cloning by PCR, the fact that the DNA sequence of 
pAPr . ElA-APr . 19K was correct and a desirable DNA was prepared 
was confirmed by using a DNA sequencer (ABI PRISM 310 Genetic 
Analyzer, manufactured by Applied Biosystems) . All DNA' s 
cloned by PCR hereinafter were also confirmed similarly by using 
the DNA sequencer. 

The plasmid pAPr . ElA-APr . 19K thus prepared was a plasmid having 
a background of pHM5 and has, from upstream, a multicloning site 
containing restriction enzyme-recognizing sequences of SphI, 
NotI, SnaBI, and Mlul, an E1A protein-coding region, a 
multicloning site containing restriction enzyme-recognizing 
sequences of Sail, Ndel, EcoRV, and Mfel, an E1B 19KD 
protein-coding region, and the BGHpA and LoxH sequences. 



24 



Accordingly, it is possible to insert promoters freely in the 
upstream region by using the upstream multicloning sites of E1A 
and ElB191KDa. In addition, the upstream multicloning sites 
of E1A and E1B 19KDa have at least one restriction enzyme site 
giving a blunt end, SnaBI or EcoRV, and thus, it is possible 
to integrate a promoter sequence digested by any restriction 
enzyme into the vector plasmid having a 

proliferation-regulating unit pAPr.ElA-APr.19K easily and 
reliably, if it is ligated after blunt end processing. 

For preparation of a variant E1A lacking the Rb protein-binding 
sequence, mutagenesis by PCR using pXCl shown in Figure 3 as 
the template (Current Protocols in Molecular Biology , John Wiley 
& Sons, Inc., 8.5.7 to 8.5.9, 1999) was performed as described 
below, to delete the pXCl 923 to 947-bp region corresponding 
to the Rb protein-binding sequence. First, PCR by using the 
sense primer having restriction enzyme-recognizing sequences 
SphI, NotI, SnaBI, and Mlul inserted in the E1A 5' -terminal 
sequence (S-E1A, sequence No. 1) used in E1A cloning and an 
antisense primer having 10-bp (913 to 922 bp) and 20-bp (947 
to 366) sequences added immediately before and after the 
Rb-binding sequence AS-A24 (sequence No. 8) and also by using 
a sense primer having 20-bp (903 to 922bp) and 10-hp (947 to 
956 ) sequences added immediately before and after the Rb-binding 
sequence A24 (sequence No. 7) and an antisense primer having 
a restriction enzyme Sail-recognizing sequence inserted at the 
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E1A 3' terminal (AS-E1A, sequence No. 2) was performed as the 
first PCR, to give respectively PCR products of 475 bp and 726 
bp. Both of the PCR products were combined and subjected to 
second PCR by using a sense primer S-E1A and an antisense primer 
AS-E1A as the templates, to give a bound product, i.e., E1A 
lacking the Rb protein-binding sequence (24 bp) (referred to 
as E1AA2 4) . The primer sequences and the condition of the PCR 
reaction are shown in Figure 4. The E1AA24 was digested with 
restriction enzymes SphI and Sail (Toyobo, catalogue No.: 
SAL-111) into pAPr.ElA-APr.19K, which was then inserted with 
a DNA ligase (Takara Shuzo, catalogue No. : 6022) into wild type 
E1A, to give pAPr.ElAA24-APr.19K. Thus, pAPr.ElAA24-APr.10K 
was a vector plasmid having a proliferation-regulating unit 
having a similar base sequence and structure, except that the 
Rb protein-binding sequence in E1A was removed from 
pAPr .ElA-APr . 19K. 

A shuttle vector having not only an E1B gene 19-KDa protein 
region but also the entire E1B sequence including 55KDa and other 
regions of wild type adenovirus was prepared in the following 
manner: First, a sense primer having the same sequence as that 
of the 20-bp region from 14 bp to 33 bp upstream of the 
KpnI-recognizing sequence in E1B (2015 to 2034 bp in pXCl ) 
(S-E1B-2015, sequence No. 9) and an antisense primer having the 
LoxH sequence (34 bp) and the EcoRI - recognizing sequence 
inserted in the sequence of 24 bp (4050 to 4073 bp in pXcl) from 
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the polyadenylation signal sequence 3' terminal of wild type 
E1B (As-ElB-4073 , sequence No. 10) were amplified by BCR, by 
using KOD DNA polymerase (Toyobo, catalogue No. : KOD-101) and 
pXCl as the template, while cloning the region of 2015 to 4073 
bp in E1B. The primer sequences and the PCR reaction condition 
are summarized in Figure 4 . The PCR products were digested with 
a restriction enzymes Kpnl (Toyobo, catalogue No. : KPN-111) and 
EcoRI (Toyobo, catalogue No. : ECO-111) , and inserted with a DNA 
ligase (Takara Shuzo, catalogue No.: 6022) into the digestion 
product of pAPr.ElA-APr.19K digested similarly with Kpnl and 
EcoRI. Thus, E1B19K and the entire E1B sequence were replaced, 
and the plasmid obtained was designated as pAPr . E1A- APr . E1B . 
pAPr .ElA-APr.ElB thus prepared is a plasmid allowing expression 
by external promoters respectively having entire proteins of 
E1A and E1B, and having a base sequence and a structure similar 
to those of pAPr.ElA-APr.19K, except that the E1B 19-KDa region 
in pAPr . ElA-APr . E1B is the entire E1B coding region. A vector 
plasmid having a proliferation-regulating unit containing the 
entire E1B sequence pAPr . E1AA2 4 - APr . E1B was obtained from the 
pAPr.ElAA24-APr.19K lacking the Rb protein-binding sequence in 
E1A in a similar manner. 

Example 2 

(Insertion of an arbitrary promoter into a vector plasmid having 
a proliferation-regulating unit and preparation of a 
proliferation-regulated vector plasmid) 
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Examples of experiments inserting an arbitrary desirable 
promoter into the vector plasmid having a 

proliferation-regulating unit obtained above will be described 
below. First, a plasmid having a CMV (Cytomegalovirus) 
promoter (Boshart, M., et al . , Cell, 41, 52101-530, 1985, Nelson, 
J. A., et al., Mol. Cell. Biol., 7, 4125-4129, 1987) inserted 
at a position upstream of E1B19K was prepared. The CMV promoter 
was amplified by PCR, by using a plasmid pRC/CMV (Invitrogen, 
catalogue No. : A-150307) as the template, a sense primer having 
a Sail recognition site (S-CMVp, sequence No. 11), and an 
antisense primer having an Mfel recognition site (AS-CMVp, 
sequence No. 12) (see Figure 5 for the sequences of respective 
primers and the condition of PCR) . The PCR products (pRC/CMV 
(D 231 to 893), plasmids p A Pr . E1A- A Pr . 19K and pAPr.ElAA24- 
APr.l9K, were digested with Sail (Toyobo, catalogue No.: 
SAL-111) and Mfel (New England Biolabs, catalogue No . : R0589s) 
and ligated with T4 DNA ligase while inserting the CMV promoter 
into the upstream region of E1B19K, to give 

proliferation-regulated vector plasmids pAPr . E1A-CMV- 19K and 
pAPr .E1AA2 4-CMV-19K respectively. 

Then, a CEA promoter was inserted into the upstream region of 
E1A respectively of pAPr . E1A-CMV- 1 9K and pAPr . E1AA24 -CMV- 19K . 
First, 10 jil (5.6xl0 10 pfu/yl) of adenovirus AxCEAprTK having 
the CEA promoter (provided from by the DNA Bank of Riken 
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Institute of Physical and Chemical Research) was mixed with 10 
pi of 10% SDS (Sodium dodecylsulf ate , Wako Pure Chemical 
Industries, catalogue No.: 199-07145), 8 pi of 0 . 5M EDTA 
(Ethylenediaminetetraacetic acid, Wako Pure Chemical 
Industries, catalogue No.: 311-90075), and 170.75 pi of 
distilled water, and the mixture was stirred well. 1.25 pi of 
20% proteinase K (Roche Diagnostics GmbH, catalogue No. : 745725) 
was added additionally; the mixture was allowed to be digested 
at 56°C for 2 hours; and the products were subjected to 
phenol-chloroform purification and ethanol precipitation, to 
give 2 pg of a genome DNA AxCEAprTK. A region of 424 bp to 2 
bp upstream of the CEA coding a regional initiation codon (Osaki , 
T., et al., Cancer Res., 54, 5258-5261) was amplified by PCRby 
using the DNA as the template, a sense primer having a 
restriction enzyme NotI - recognizing sequence (S-CEAp, sequence 
No. : 13) , and an antisense primer having a restriction enzyme 
Mlul-recognizing sequence (AS-CEAp, sequence No. 14) (see 
Figure 5 for the sequences of respective primers and the PCR 
condition) . The PCR products were digested with Mlul (Toyobo, 
catalogue No.: MLU-101) and NotI (Toyobo, catalogue No.: 
N0T-111) . pAPr . E1A-CMV-19K and pAPr . E1AA24-CMV-19K digested 
with Mlul and NotI similarly were ligated with T4 DNA ligase, 
to give respectively pCEA-ElA-CMV-19K and pCEA-ElAA2 4 -CMV- 19K . 
The pCEA-ElA-CMV-19K and the pCEA-ElAA2 4 - CMV- 19K thus prepared 
are proliferation-regulated vector plasmids expressing 
respectively E1A and E1AA24 by a CEA promoter and E1B19K by a 
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CMV promoter (see Figures 6 and 7) . 

Then, a construct having inserted E2F promoters respectively 
as the E1A and E1319K promoters was prepared. The E2F promoter 
was prepared by cleaving the plasmid pABS . 4 : E2F-GFP provided 
from by Dr. Fine, H. (National Cancer Institute, Bethesda, MD) 
with restriction enzymes Spel (Toyobo, catalogue No. : SPE-101) 
and Xhol (Toyobo, catalogue No. : XHO-101) and blunting with T4 
DNA polymerase (NMBI, catalogue No.: EP0061) . The 
pAPr . El A- CMV- 1 9K and pAPr . E1AA2 4 -CMV- 19K above were digested 
with Sail, blunted with T4 DNA polymerase , dephosphorylated with 
a calf intestine alkaliphosphatase (CIP: calf small - intestine 
alkaline phosphatase, Takara Shuzo, catalogue No.: 2250A) for 
prevention of autoligation, and ligated to the cleaved E2F 
promoter with T4 DNA ligase, to give pE2F-ElA-CMV- 19K and 
pE2F-ElAA24-CMV-19K respectively. The PE2F-E1A-CMV- 19K and 
pE2F-ElAA24-CMV-19K thus prepared were 

proliferation-regulated vector plasmids expressing E1A or 
E1AA24 by an E2F promoter and E1B19K by a CMV promoter (see 
Figures 6 and 7) . 

By a similar method, the CMV promoter regions of 
pCEA-ElA-CMV-19K and pCEA-ElAA2 4 -CMV- 19K were removed by 
digestion with Sail and Mfel, the remaining vector regions were 
treated with T4 DNA polymerase and CIP, and ligated with the 
cleaved E2f promoter with T4 DNA ligase, to give respectively 
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plasmids of pCEA-ElA-E2F- 19K and pCEA-ElAA24-E2F-19K. The 
pCEA-ElA-E2F-19K and pCEA- E1AA2 4 -E2F-19K thus prepared were 
proliferation-regulated vector plasmids expressing E1A or 
E1AA24 by a CEA promoter and E1319K by an E2F promoter (see 
Figures 6 and 7) . 

Then, a construct having an OC (osteocalcin) promoter inserted 
as the E1A promoter was prepared. First, 5xl0 5 human 
osteosarcoma cells SaOS-2 (provided from the Cell Research 
Center for Biomedical Research, Institute of Development, Aging 
and Cancer, Tohoku University) were treated with trypsin and 
collected; the region 834 -bp upstream to 34 -bp downstream of 
the transcription initiation site was amplified by PCR by using 
SepaGene (Sanko Junyaku catalogue No.: SG0025) , the DNA 
collected from SaOS-2 as the template, and an ExTaqI DNA 
polymerase (Takara Shuzo, catalogue No.: RR001A) 
(see Figure 5 for the primer sequences and the PCR condition, 
S-OCp: sequence No. 15, AS-OCp: sequence No. 16), to give a 
868-bp PCR product. It is subjected to electrophoresis and 
purification, and then ligated and inserted to pGEM-T Easy of 
T vector (Promega, catalogue No. : A1360) with the T4 DNA ligase 
as the OC promoter. The cloned OC promoter was confirmed to 
have a correct base sequence in a DNA sequencer, and then, 
cleaved from the vector by NotI digestion and blunted with T4 
DNA polymerase. pAPr . -E1A-CMV- 1 9K and pAPr . -E1AA2 4 -CMV- 19K 
were digested with Sail, blunted with T4 DNA polymerase, and 
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additionally, treated with CIP while inserting the OC promoter 
in the ligation reaction with a T4 DNA ligase, to give 
pOC- E1A- CMV- 19K and pOC-ElAA24 -CMV-19K respectively. The 
pOC-ElA-CMV- 19K and pOC-ElAA24-CMV-19K thus prepared were 
proliferation-regulated vector plasmids expressing E1A or 
E1AA24 by an OC promoter and E1B19K by a CMV promoter (see Figures 
6 and 7) . 

Example 3 

(Preparation of a vector plasmid containing a therapeutic 
gene-expressing unit) 

A plasmid allowing insertion of a therapeutic gene freely into 
a proliferation-regulated vector plasmid previously or into a 
recombinant proliferation-regulated adenovirus vector plasmid 
afterward was prepared by using a Cre recombination reaction. 
A plasmid having an LoxP sequence that allows insertion of a 
therapeutic gene and the promoter thereof was prepared as 
follows: A Kn (kanamycin) -resistance gene of pUni/V5-HisC 
(Invitrogen, Carlsbad, CA, Product Number: ET003-11) was 
cleaved with Bglll (Toyobo, catalogue No.: BGL-211) and Smal 
(Toyobo, catalogue No. : SMA-111) , blunted with T4 DNA polymerase , 
and subj ected to a CIP treatment for prevention of autoligation . 
The Tc ( tetracycline) -resistance gene in pBR322 (Toyobo, 
catalogue No.: DNA-003) was digested with Sspl (Toyobo, 
catalogue No . : SSP-101) and Styl (New England Biolabs, Beverly, 
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MA, catalogue No. : R0050S) and blunted with T4 DNA polymerase. 
The product was ligated and inserted to pUni/V5-HisC that had 
no Kn-resistant gene and was blunted similarly to above by using 
T4 DNA ligase, to give a vector plasmid containing a therapeutic 
gene-expressing unit pUni/V5 -HisC-Tc in which the Kn-resistant 
gene was replaced with the Tc-resistance gene (see Figure 8) . 
In addition, the pUni/V5-HisC-Tc was digested with Xhol , blunted 
with T4 DNA polymerase, and subjected to a CIP treatment. 
Separately, as described above, DNA' s obtained by cleaving the 
CMV promoter region prepared by amplifying a sense primer having 
a Sail site inserted by using a plasmid pRC/CMV as the template 
(S-CMVp, sequence No. 11) and an antisense primer having an Mf el 
site (AS-CMVp, sequence No. 12) by PCR with Sail and Mf el enzymes 
and blunting the products with T4 DNA polymerase , and the blunted 
pUni/V5-HisC-Tc were ligated with T4 DNA ligase, to give 
pUni/V5-HisC-Tc-CMV. Thus, the pUni/V5-HisC-Tc-CMV is a 
plasmid having a CMV promoter inserted in pUni/V5 -HisC-Tc that 
allows insertion of a desirably expressed therapeutic gene to 
the region downstream of the CMV promoter by using any one of 
multicloning sites, Agel, Apal, and StuI . The CMV promoter and 
the gene inserted downstream thereof allows insertion of a 
therapeutic gene into the proliferation-regulated vector 
plasmid regulating the El region described in the former section 
by Cre expression or to the finally prepared 
proliferation-regulated adenoviral vector plasmid by Cre 
expression. The CMV promoter can be cleaved with restriction 
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enzymes Hindi and Agel as needed, and a organ- specif ic promoter 
can be inserted thereto easily (see Figure 8) . 

Example 4 

(Preparation of a first therapeutic gene-expressing vector 
plasmid) 

For example, a vector plasmid having an inserted marker gene 
EGFP (enhanced green- fluorescent protein) was prepared as 
follows: First, pEGFP-Cl (CLONETECH, catalogue No . : 6084-1) 
was digested with Bell and blunted with T4 DNA polymerase; and 
then, EGFP cDNA was cleaved by Agel digestion. Separately, 
pUni/V5-HisC-Tc-CMV was digested with Apal, blunted with T4 DNA 
polymerase, and digested with Agel; and the cleaved EGFP cDNA 
fragment was ligated and inserted thereto with T4 DNA ligase, 
to give pUni/V5-HisC-Tc-CMV-EGFP . Thus, the first therapeutic 
gene-expressing vector plasmid pUni/VS-HisC-Tc-CMV-EGFP is an 
expression vector expressing EGFP from the CMV promoter and 
allowing insertion of the CMV-EGFP gene to the 
proliferation-regulated vector plasmid regulating the E1A 
region and the finally prepared proliferation-regulated 
adenoviral vector plasmid in the Cre recombination reaction (see 
Figure 8) . The EGFP is not a therapeutic gene but inserted as 
a substitute of therapeutic gene for convenience in experiment. 

Example 5 
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(Recombination of a proliferation-regulated vector plasmid and 
a first therapeutic gene-expressing vector plasmid, and 
preparation of a second therapeutic gene-expressing vector 
plasmid) 

It is possible to recombine a proliferation-regulated vector 
plasmid (expressing E1A and E1B with various promoters) and a 
first therapeutic gene-expressing vector plasmid (expressing 
a therapeutic gene with various promoters) easily with a Cre 
recombinase (reaction of two plasmids binding to each other by 
recognizing the LoxP and LoxH sequences) ; and recombination 
experiments in the following eight combinations were performed 
as examples. Each of proliferation-regulated vector plasmids 
(pCEA-ElA-CMV-19K, pCEA- E1AA2 4 - CMV- 19K , pE2 F- E1A- CMV- 19K , 
pE2F-ElAA2 4 -CMV- 19K, pCEA- E1A- E2 F- 19K, pCEA- E1AA2 4 -E2F- 1 9K , 
pOC-ElA- CMV- 19K, and pOC-ElAA2 4 -CMV- 19K) and a first 
therapeutic gene-expressing vector plasmid 

(pUni/V5-HisC-Tc-CMV-EGFP) in an amount of 100 ng was allowed 
to react with a Cre recombinase (Invitrogen, catalogue No.: 
R100-10) at 37°C for 20 minutes. Then, the reaction was 
terminated by inactivating Cre by treatment at 65°C for 5 minutes . 
The reaction solution was transformed into competent cells DH5a 
(Toyobo, catalogue No.:- DNA-903), and the resulting cell was 
incubated on an LB (Luria-Bertani , Nacalai Tesque, catalogue 
No.: 20066-95) agarose plate containing tetracycline (7.5pg/ml, 
Wako Pure Chemical Industries, catalogue No. : 205-08591) . The 
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prolif eration-regulated vector plasmid does not form colonies 
because it has a Kn-resistant gene, while the first therapeutic 
gene-expressing vector plasmid, which has a special Ori (E. coli 
replication origin) called R6Ky, cannot form colonies of the 
DH5a cells. In contrast, the second therapeutic 
gene-expressing vector plasmid, which was prepared in 
recombination of a proliferation-regulated vector plasmid and 
the first therapeutic gene-expressing vector plasmid, forms 
colonies of DH5a cells, because it contains both UCOri and Tc r , 
(see Figure 9; in the Figure, the product in recombination of 
pPrA-ElA-PrB-ElB and pUni/V5-HisC-Tc-CMV-GENE is the second 
therapeutic gene-expressing vector plasmid) . The reaction was 
performed by using a Cre recombinase purchased from Invitrogen 
(Invitrogen, catalogue No.: R100-10) at first, but there were 
no E. coli colonies formed on the LB plate. For confirmation 
of the correctness of the reaction system, a similar reaction 
was performed by using the plasmids pUni/V5-HisC and 
pcDNA4 /HisMax-Ea attached to a cloning kit of Invitrogen (Echo 
cloning system, catalogue No.: ET401-30C) , resulting in 
formation of five or less colonies. Thus, the activity of the 
Cre recombinase seemed to be low. Thus, the Cre recombinase 
was extracted by using an adenoviral vector AxCANCre expressing 
the Cre gene (provided from by the DNA bank of Riken Institute 
of Physical and Chemical Research) . First, HepG2 cell, a human 
liver cancer cell higher in adenoviral gene- transferring 
efficiency (provided from by the Cell Research Center for 
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Biomedical Research, Institute of Development, Aging and Cancer, 
Tohoku University) , was infected onto a lOcm-diameter culture 
dish at a concentration of 30 MOI (multiplicity of infection, 
1M0I: 1 plaque -forming unit/cell) ; the cells were removed after 
three days by trypsin (nacalai tesque, catalogue No. : 35555-54) 
treatment, washed with PBS, dissolved in 200 pi of a lysis buffer 
(containing 20 mM Tris at pH 7.5, 150 mM NaCl, 10 mM MgCl 2 , 10% 
glycerol, and 1% protease inhibitor cocktail (SIGMA, catalogue 
No. : P2714) ) , and frozen and thawed repeatedly three times, to 
give a Cre recombinase for use. Reaction by using the Cre 
resulted in formation of colonies, and the colonies formed were 
all positive clones. The results showed that the Cre extracted 
with AxCANCre had a sufficient activity in the reaction system. 
The second therapeutic gene-expressing vector plasmids 
obtained in the reaction were named respectively 
pCEA-ElA-CMV- 19K/CMV-EGFP , pCEA- E1AA2 4 - CMV- 19K/CMV-EGFP , 
pE2F-ElA-CMV-19K/CMV-EGFP, pE2F-ElAA2 4 -CMV-19K/ CMV-EGFP, 
pCEA-ElA-E2F-19K/CMV-EGFP, pCEA- El AA2 4 - E2F- 1 9K/CMV- EGFP , 
pOC-ElA-CMV-19K/CMV-EGFP, and pOC-ElAA2 4 -CMV- 19K/ CMV-EGFP . 

Example 6 

(Recombination to an adenoviral genome and preparation of a 
proliferation-regulated adenoviral vector plasmid) 

A proliferation-regulated adenoviral vector plasmid having no 
therapeutic gene was prepared, in addition to the second 
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therapeutic gene-expressing vector plasmid (the Cre 
recombination described above) , and the system and the function 
thereof were analyzed. A 30.3-kb plasmid pAdHM4 having an 
adenoviral genome (El region: 342 to 3523 bp, lacking part of 
E3 region 23133 to 30813 bp) (provided from by Dr. Mark A. Kay, 
Stanford University) has a sequence-recognizing restriction 
enzymes I-Ceul and Pl-Scel in the deficient El region for 
insertion of foreign genes. pAdHM4 was first digested with a 
restriction enzyme I-Ceul (New England Biolabs, catalogue No. : 
R0699S) (0.2 U/pg DNA, 37°C, 1 hour) , purified with phenol and 
chloroform, and then precipitated with ethanol . It was then 
digested with Pl-Scel (New England Biolabs, catalogue No.: 
R0696S) and purified similarly. pCEA-ElA-CMV- 19K, 
pCEA-ElAA2 4-CMV-19K, pE2 F- E1A- CMV- 1 9K, pE2F-ElAA2 4 -CMV- 19K, 
pCEA-ElA-E2F-19K, pCEA-ElAA2 4 -E2F-19K, pOC-ElA-CMV- 19K, and 
pOC-ElAA24-CMV-19K were digested with I-Ceul and Pl-Scel and 
inserted to pAdHM4 respectively by using T4 DNA ligase. The 
plasmids obtained were always digested with I-Ceul and Pl-Scel, 
and the inserted genes were confirmed. The 
prolif eration-regiulated adenoviral vector plasmids thus 
obtained were designated as pAd. HM4-CEA-E1A-CMV-19K, 
pAd.HM4-CEA-ElAA2 4 -CMV-19K, pAd . HM4 -E2F- E1A-CMV- 19K, 
pAd.HM4F-E2F-ElAA2 4-CMV-19K, pAd . HM4 - CEA-E1A- E2 F- 1 9K , 
pAd.HM4-CEA-ElAA2 4 -E2F-19K, pAd . HM4 - OC - E 1A - CMV - 1 9 K , and 
pAd.HM4-OC-ElAA2 4-CMV-19K. These plasmids are plasmids having 
adenovirus genome regions other than El and E3 and an exogenous 
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promoter having a region expressing the E1A and E1B19K regions. 
Example 7 

(Transf ection to 293 cells) 

The proliferation-regulated adenoviral vector plasmid obtained 
in Example 6 was transfected to human fetal renal cell-derived 
293 cells. The 293-cell culture solution used was DMEM 
(Dulbecco's Minimum Essential Medium, SIGMA, catalogue No.: 
D5796) containing inactivated 10% fetal bovine sera (MBL, 
catalogue No. : 268-1) . Transfection was performed by a calcium 
phosphate method (Current Protocols in Molecular Biology, John 
Wiley & Sons, Inc., 9.1.4 to 9.1.9, 1999); a total of 40/yg of 
DNA 1 s, 20pg of linear chain DNA containing the adenoviral genome 
above and 20 yg of salmon testoid DNA (SIGMA, catalogue No.: 
D-7656), were added to 1.5 ml HEPES-buf f ered saline (pH7.1); 
75 pi of 2 . 5 M CaCl 2 was added dropwise thereto while the solution 
was stirred, and the mixture was left at a room temperature for 
30 minutes; and then, the culture solution was added dropwise 
to the 293 cells while the mixture was stirred. The mixture 
was incubated in a C0 2 incubator for 4 hours and 3 0 minutes; 
a solution containing a mixture of a-MEM (GIBCO BRL, catalogue 
No.: 12000-022) in 10% inactivated equine sera (GIBCO BRL, 
catalogue No. : 26050-088) and 1% agarose gel in the same amounts 
were piled up; and the 293 cells were incubated additionally 
on the solid culture medium. For evaluation of transfection 
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efficiency, pEGFP-Cl was transfected in the same protocol and 
the positive cells were observed under a fluorescence microscope 
after 43 hours, showing that the gene was transfected to the 
cells at a rate of about 30% every time. When the adenovirus 
is produced, the 293 cells form plaques by the cytopathic effect 
(CPE) . Traditional methods, in which adenoviruses are produced 
by homologous recombination, demanded transfection on a lot of 
culture dishes and a high gene- transferring efficiency, because 
of its low homologous recombination efficiency, but in the 
preparative method according to the present invention, which 
is based on an in-vitro ligation method (Mizuguchi H. , et al. , 
Hum. GeneTher., 10, 2013-2017, 1993), 30 or more plaques appear 
on a 10-cm culture dish, and thus, a transfection efficiency 
of 30% is sufficient. 

Example 8 

(Two modified methods of cloning a proliferation-regulated 
adenoviral vector plasmid having a therapeutic gene rapidly) 

1. System of cloning a therapeutic gene into a 
proliferation-regulated adenoviral vector plasmid and a first 
therapeutic gene-expressing vector plasmid directly by Cre 
recombination . 

It is possible to prepare ADV's in a greater number of 
combinations rapidly and easily by cloning, if it is possible 
to integrate only a therapeutic genetic freely after cloning 
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a proliferation-regulated vector plasmid having no therapeutic 
gene (e.g., pCEA-ElA-CMV- 19K) into an adenovirus vector plasmid 
(pAdHM4, etc.) . To establish the system, a cloning experiment 
was done by using pAd . HM4 -CEA-E1A-CMV- 19K and 
pUni/V5-HisC-Tc-CMV-EGFP as an example. 100 ng respectively 
of the two plasmids were mixed and allowed to react with each 
other (37°C for 20 minutes) , by using the Cre recombinase 
purified as described above. Then, the reaction was terminated 
by inactivating Cre by treating the mixture at 65°C for 5 minutes . 
The reaction solution was transformed into competent cells DH5cx 
(Toyobo, catalogue No. : DNA-903) , and the cells were incubated 
on an LB (Luria-Bertani , Nacalai Tesque, catalogue No. : 
20066-95) agarose plate containing tetracycline (7.5 jjg/ml, 
Wako Pure Chemical Industries, catalogue No. : 205-08591) . 
There were five colonies observed on the plate next day. 
Analysis of the plasmids obtained from the colony revealed that 
all plasmids were converted in recombination to 
proliferation-regulated adenoviral vector plasmids having a 
therapeutic gene pAd.HM4-CEA-ElA-CMV-19K/CMV-EGFP, to which 
the CMV-EGFP gene is to be inserted. A longer length of the 
adenoviral vector plasmid at 30kb and an influence of the 
antibiotic tetracycline seem to be the reason for the smaller 
colony counts, but these results indicate that formation of at 
least one colony is sufficient because the probability of the 
insertion of the therapeutic gene is 100% . This modified method 
eliminates the need for inserting a therapeutic gene into a 
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shuttle vector and then cloning it into an adenoviral vector, 
in comparing the effects of various therapeutic genes and their 
promoters while integrating the E1A and E1B promoters. 

2. Cellular Cre recombination by cotransf ection 
The inventors have established a method of preparing an 
adenovirus having a therapeutic gene in recombination of two 
plasmids in the cell, by cotransf ection the first therapeutic 
gene-expressing vector plasmid into a Cre-expressing cell 
without integrating the vector plasmid into the 
proliferation-regulated adenoviral vector plasmid 
pAd.HM4-CEA-ElA-CMV-19K or the like. pAd . HM4 - CEA-E1A-CMV- 19K 
and expressing EGFP gene as a marker pUni/V5-HisC-Tc-CMV-EGFP 
were cotransf ected to 293 cells expressing constitutively Cre, 
respectively in amounts of 20 by the calcium phosphate method . 
For evaluation of the gene- transferring efficiency, pEGFP-Cl 
expressing the EGFP gene plasmid was transfected by the same 
method; the culture medium was changed to a new one after 4 hours 
and a half; the cells were treated with trypsin and collected 
after 48 hours; the EGFP positive cells were counted under a 
fluorescence microscope, showing a positive rate 
(gene- transferring efficiency) of 21%. Plaques were formed 
after six days, and ten perfect plaques are formed after twelve 
days; and ten plaques were harvested after 14 days. Among these 
plaques, plaques of ADV having EGFP integrated in Cre 
recombination were EGFP-positive all over the plaques, when 
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observed under a fluorescence microscope. In this experiment, 
one of the ten plaques was EGFP-positive , and thus, the 
probability of emergence of the EGFP- integrated ADV was 10%. 
A smaller number of plaques formed in the experimental system 
smaller than that by common ADV construction methods seems to 
a result of the decline in the efficiency of ADV production due 
to elimination of Pad digestion, because Cre recombination does 
not proceed when a plasmid containing an ADV genome DNA is 
converted to a straight chain DNA by digestion with a restriction 
enzyme Pad. A total of four plaque solutions, the EGFP( + ) 
plaque solution and three EGFP ( - ) plaque solutions, were 
infected respectively to 293 cells in 24 wells and amplified 
therein. All cells in the wells became EGFP positive with the 
EGFP ( + ) clone, while only part of the cells became EGFP positive 
in other wells. CPE appeared in all clones after three days, 
and the cells were collected. The cells were infected to 293 
cell in a 10-cm dish in the next step; approximately 50 to 60% 
of the EGFP( + ) clones were EGFP positive one day after infection 
and all cells were CPE but only 80% of the cells were EGFP positive 
after two days. That is, the remaining 20% cells were converted 
to CPE by the ADV having no EGFP gene , suggesting that the plaques 
collected as monoclonal were actually contaminated with EGFP ( - ) 
ADV. For purification of the ADV, it would be effective to 
infect it into 293 cell once again and collect its EGFP-positive 
plaques . 
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In this manner, it was confirmed that it was possible to prepare 
an ADV having an inserted gene (EGFP gene) while the two plasmids 
were recombined in a Cre-expressing 293 cell by the 
cotransf ection method. The method above is a method more 
convenient and rapid than a system consisting of in-vitro Cre 
reaction, transformation to E. coli, and transf ection of the 
resulting plasmid. 

Example 9 

(Collection of a proliferation-regulated recombinant 
adenoviral vector from plaques and proliferation and 
purification thereof) 

There were twelve plaques formed seven days after transfection 
of pAd.HM4-CEA-ElA-CMV-19K. A state when the cell disappeared 
completely in the center of a plaque and the bottom of the dish 
was observable was regarded as "complete plaque formation", and 
the plaques were collected together with the solid culture 
medium by using a 1,000-iil micropipetter chip which was 
previously broadened at the tip, resuspended in a 800-pl culture 
medium, and stored at -80°C. Ten plaques were collected for 
each virus. 

Then, the suspension was thawed in a thermostat bath at 37°C 
and frozen in liquid nitrogen repeatedly for three time, o give 
600 pi of an adenoviral solution obtained by destructing the 
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cell, which was then infected to the 293 cell that was grown 
previously in 24-well culture plate to a concentration of IxlO 5 . 
After infection, 200 \xl of the culture medium is added every 
three days, and CPE appears roughly in 5 to 7 days. After 
appearance of CPE, the culture medium and the cells were 
collected and stored at -80°C. Then, 800 pi of the solution 
(80% of total volume) was thawed and frozen similarly for three 
times, and infected to 70 to 80% confluent 293 cells on a 10-cm 
culture plate. In the stage, CPE appeared in 2 to 4 days, and 
the culture medium and the cell were collected and stored at 
-80°C. In the next stage, the solution was thawed and frozen 
similarly for three times, and 80% of the total volume (generally, 
8 ml) was infected to 70 to 80% confluent 293 cells in 15-cm 
culture dishes (six dishes) . After infection, CPE appeared in 
2 to 3 days, and the culture medium and the cell were collected 
and stored at -80°C . Finally, the solution was thawed and frozen 
similarly for three times, and 80% of the total volume (generally, 
100 ml) was infected to 70 to 80% confluent 293 cells on forty 
15-cm culture dishes. CPE appeared generally in 2 days; the 
culture medium and the cell were collected and centrifuged at 
1,000 rpm; after removal of the supernatant the cells were 
resuspended in PBS (phosphoric acid buffering saline) in an 
amount of 1.5 ml per 50 ml of the cell suspension; and cell 
suspension in an amount of 24 ml containing the cells on all 
40 plates was stored at -80°C. (It is possible to amplify the 
cells once again by infecting the solution to forty 15-cm culture 
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dishes, if a bottle containing 45 ml of the supernatant is 
preserved instead of discharged. ) After repeated freezing and 
thawing of the cell suspension for three times, the mixture was 
centrifuged at 1,000 rpm; the supernatant was collected; and 
6 ml of the viral solution was added to four cesium chloride 
(Wako Pure Chemical Industries, catalogue No. : 039-01955) 
density gradient solutions (1.5 g/ml CsCl: 0.5 ml, 1.35 g/ml 
CsCl: 3 ml, and 1.25 g/ml CsCl : 3 ml) placed in Hitachi 
ultracentrifuge tubes (Hitachi Koki, catalogue No . : S303276A) . 
After balanced strictly with PBS, the tubes were centrifuged 
first at 10°C and 35,000 rpm for 1 hour in a cooled high-speed 
centrifuge (Hitachi Koki, Himac CP65p) by using a swing rotor 
(Hitachi Koki, RPS40T) . There were generally three bands 
observable and the lowest bluish white band contains the 
adenovirus, and thus, the layer was collected in an amount of 
1 ml (up to 1.5 ml) after careful removal of the supernatant. 
Four tubes gave a viral solution in a total amount of 
approximately 4 ml (up to 6 ml) . Then, the viral solution was 
placed in a centrifugal tube containing 6 ml of 1.35 g/ml CsCl, 
and ultracentrif uged at 10°C and 35,000 rpm for 13 hours, while 
balanced strictly with a balance tube similarly containing 1.35 
g/ml CsCl. The virus was detected as a single band, and all 
of the viral solution in an amount of 1 to 2 ml was collected, 
after removal of the supernatant . 

The virus was then purified in a demineralization column as 
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follows: the solution in the demineralization column (Biorad, 
Econopac 10DG, Product Number: 732-2011) was discharged and 
washed with 15 ml of PBS. X ml of the viral solution was added 
therein. The eluant from the column were collected in 1.5 -ml 
microtubes numbered from 1 (Nos. 1 to 7) in an amount of 1 ml, 
Then, (3-X) ml of PBS was added to the column, and the eluant 
was collected similarly in an amount of 1 ml . Further, 4 ml 
of PBS was added, and the eluant was collected similarly in an 
amount of 1 ml . In this manner, there were seven tubes obtained, 
and most of the concentrated virus was contained in the fourth 
tube. For confirmation, the ADV concentration in all tubes was 
determined by the following method. 94 \xl of PBS, 5 yl of 10% 
SDS, and 1 \il of the viral solution were mixed and agitated well 
with Voltex (SCIENTIFIC INDUSTRIES, Inc., BOHEMIA, MY), to 
destroy its viral envelope. The resulting solution was 
centrifuge at 15,000rpm for 3 minutes; the supernatant was 
removed; and the OD 26 onm of the solution is determined. The 
concentration of the viral solution was calculated according 
to the following equation: 1 OD 26 onm = lxlO 12 particle/ml (1 
OD 2 6onm=2xl0 13 particle/ml when diluted 20 times) . Generally, 
when the viral solution was amplified on forty 15-cm culture 
dishes, 1 . 5 to 2 ml of viral solution at a concentration of 1 
to 5xl0 12 particle/ml was obtained. 

The ADV solution after purification was divided into smaller 
aliquots together with 10% glycerol (Wako Pure Chemical 
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Industries, catalogue No.: 075-00616), and the glycerol 
solutions were stored at -30°C. In this manner, eight kinds 
of adenoviruses, Ad . CEA-E1A-CMV- 19K, Ad. E2F-E1A- CMV- 19K, Ad. 
E2F- ElAAd . CEA- E1AA2 4 -CMV- 19K, Ad . E2F-E1A-CMV- 19K, 
Ad.E2F-ElAA2 4-CMV-19K, Ad . CEA-E1A-E2F- 19K, 
Ad.CEA-ElAA24-E2F-19K, Ad. OC-E1A-CMV-19K, and 
Ad.OC-ElAA24-CMV-19K were obtained. 

Example 10 

(Confirmation of proliferation of the proliferation-regulated 
recombinant adenoviral vector prepared) 

CEA promoter-dependent proliferation of Ad . CEA-E1A-CMV- 19K was 
studied as an example. Ad . CEA-E1A-CMV- 19K was infected to a 
CEA-expressing colon-cancer cell line colo-205, Lovo, HCT-15 
cells (provided from by the Cell Research Center for Biomedical 
Research, Institute of Development, Aging and Cancer, Tohoku 
University), non-CEA-expressing Hela cells, and a positive 
control 293 cells in which all adenoviruses proliferate, 
respectively at MOI ' s of 100, 10, 1, 0.1, 0.01, and 0, and 
appearance of CPE was observed. All cells in the wells infected 
at an MOI of 100 showed strong cytotoxicity 2 days after 
infection. In contrast, the wells infected with an 
nonprolif erating (El-deficient) ADV, Ad.CMV-LacZ, showed only 
slight cytotoxicity at an MOI of 100, indicating that viral 
proliferation was already initiated in the CEA-expressing 
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colon-cancer cell line. Seven days after infection, Lovo and 
293 cells showed CPE down to MOI 1, HCT-15 cells showed CPE down 
to MOI 10, colo-205 cells showed a slight cytotoxicity at MOI 
100, Hela cells showed CPE only at MOI 100, Lovo and 293 cells 
allowed proliferation of ADV in the same degree, HCT-15 cells 
also allowed proliferation in a degree slightly lower than those 
above, and thus, colo-205 and Hela cells seemed to have no 
significant difference in allowing proliferation of ADV. 
Finally 2 weeks after infection, Lovo cells showed cell injury 
down to MOI 0.1; HCT-15 cells, down to MOI 1; and 293 cells, 
down to MOI 0.01; which reflects the degree of ADV proliferation . 
In contrast, the fact that colo-205 cells did not show cell 
injury even at an MOI of 100 and Hela cells did not show cell 
injury down to MOI 10 seemed to be because proliferation of ADV 
was regulated by the CEA promoter. However, it is necessary 
to evaluate the proliferation of ADV continuously over time, 
to judge whether the some cell injury observed of 
non-CEA-producing cancerous Hela cells is due to proliferation 
of ADV or sensitivity of the Hela cells. Thus, an EGFP gene 
was introduced into the vector to which a therapeutic gene is 
integrated as a marker, to give Ad . CEA-E1A-CMV- 19K/CMV-EGFP . 
It is possible to study proliferation of this ADV, by monitoring 
the positive rate of EGFP after infection to cell. In the 
following Table 1, shown are the data concerning the 
proliferation potential of the proliferation-regulated 
recombinant adenoviral vectors 12 days after infection as 
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expressed by cell death (CPE) . Both in Tables 2 and 3, the term 
"intact" means unchanged (without injury) . 



Table 1 



MOI 


100 


10 


1 


0 . 1 


0 . 01 


0 


Lovo 


CPE 


CPE 


CPE 


Cell 
injury 


intact 


intact 


HCT-15 


CPE 


CPE 


Cell 
injury- 


intact 


intact 


intact 


Colo-205 


intact 


Intact 


intact 


intact 


intact 


intact 


293 


CPE 


CPE 


CPE 


CPE 


Cell 
injury 


intact 


Hela 


CPE 


Cell 
injury 


intact 


intact 


intact 


intact 



Example 11 

(Proliferation-regulated recombinant adenoviral vector 
expressing EGFP) 

Ad . CEA-E1A-CMV- 19K/CMV-EGFP was prepared according to a method 
similar to above and purified by ultracentrif ugation, to give 
2 ml of a viral solution at a concentration of 2.0xl0 12 
particle/ml . The viral solution was infected to CEA-expressing 
cancer cells MKN-1, MKN-28, MKN-45, HCT-15, Lovo, and colo-205 
respectively at MOI ' s of 100, 10, 1, 0.1, 0.01, and 0, and 
proliferation of ADV's was evaluated with occurrence of cell 
injury (CPE) while observing the EGFP positive rate under a 
fluorescence microscope. Two days after infection all cells 
except colo-205 were almost 100% EGFP-posit ive at MOI 100, and 
only colo-205 cells were EGFP-positive at about 50%, indicating 
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that the gene- transferring efficiency by ADV is lower to 
colo-205. Both the EGFP-positive rate and CPE increases in all 
cells over time, and the tendency was greatest when the cells 
were MKN-28, Lovo, andHCT-15. For example, in the results with 
MKN-28, about 20% cells were EGFP-positive and there was no cell 
injury at all in the well at MOI 1 one day after infection; the 
EGFP positive rate increased to about 50% after six days; there 
was cell injury (part of the cells became CPE) observed after 
eight days; and 80% or more of the cells turned to be positive 
and in the state almost close to CPE after twelve days. That 
is, a significant correlation observed between proliferation 
of ADV observable with marker gene EGFP and CPE corresponding 
to cell injury demonstrated that Ad . CEA-E1A-CMV- 19K/ CMV-EGFP 
proliferated in CEA-producing cancer cells and lead to death 
of the cells. The following Tables 2 and 3 are respectively 
those showing the proliferation potential of 

proliferation-regulated recombinant adenoviral vectors 12 days 
after infection as a function of EGFP-positive rate, and the 
proliferation potential 12 days after infection as a function 
of cell death (CPE) . 
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Table 2 



MO I 


100 


10 


1 


0 . 1 


0 . 01 


0 








7 Ci 3f 


5% or 
less 


1% or 
less 


n 
\j 


MKN-28 


100% 


100% 


80% 


20% 


1% or 
less 


0 


MKN-45 


100% 


100% 


100% 


30% 


5% or 
less 


0 


HCT-15 


100% 


100% 


100% 


80% 


20% 


0 


LOVO 


100% 


100% 


100% 


100% 


10% 


0 


Colo-25 


50% 


30% 


10% or 
less 


1% or 
less 


1% or 
less 


0 


293 


100% 


100% 


100% 


100% 


100% 


0 



Table 3 



MOI 


100 


10 


1 


0 . 1 


0 . 01 


0 


MKN-1 


CPE 


Cell 
injury 


intact 


intact 


intact 


intact 


MKN-2 8 


CPE 


CPE 


CPE 


Cell 
injury- 


intact 


intact 


MKN-4 5 


CPE 


CPE 


intact 


intact 


intact 


intact 


HCT-15 


CPE 


CPE 


CPE 


Cell 
injury 


intact 


intact 


LOVO 


CPE 


CPE 


CPE 


CPE 


intact 


intact 


Colo-25 


Cell 
injury- 


Intact 


intact 


intact 


intact 


intact 


293 


CPE 


CPE 


CPE 


CPE 


CPE 


intact 



Industrial Applicability 

The method of preparing a proliferation-regulated recombinant 
adenoviral vector efficiently according to the present 
invention, which permits insertion of a promoter expressing only 
in a target organ in adenovirus easily, allows efficient and 
rapid preparation of an adenoviral vector target organ that does 
not proliferate in organs other than those targeted but 
proliferates specifically only in the target organ guided by 
multiple tissue-specif ic factors, and suppresses proliferation 
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of cancer cell or the like . In addition, the method of preparing 
a proliferation-regulated recombinant adenoviral vector having 
an integrated therapeutic gene efficiently according to the 
present invention, which allows easy insertion of a promoter 
expressing only in a targeted organ and a therapeutic gene in 
adenovirus, allows efficient and rapid preparation of an 
adenoviral vector target organ that does not proliferate in 
organs other than those targeted but proliferates specifically 
only in the target organ guided by multiple tissue-specific 
factors, suppresses proliferation of cancer cell or the like, 
and introduces a selectively therapeutic gene into the target 
organ. 

Thus , the present invention allows easy preparation and analysis 
of an multifactorial adenoviral vector completely specific to 
cancer by introducing various proliferation-regulated 
recombinant adenoviral vectors freely and efficiently, and 
rapidly, and is also applicable widely to the biological study 
on the fundamental problem on what is the difference between 
normal and cancer cells and other basic studies on cancer. 

In addition, the preparative kit according to the present 
invention allows preparation of a proliferation-regulated 
recombinant adenoviral vector having an arbitrary promoter 
expressing only in target cells or a proliferation- regulated 
recombinant adenoviral vector having an arbitrary therapeutic 
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gene . 



The present invention is not limited to the Examples above, and 
any modifications of the present invention are also included 
in the present invention, if they are essentially within the 
scope of the invention. 
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